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EFFECTS OF TONAL MEMORY OF THO KINDS OF FACTORS MERE STUDIED. THE
FACTORS WERE (1) THE CHARACTERISTICS OF STIMULY PRESENTED 10 THE
SUBJECT IN A PITCH IDENTIFICATION TASKs AND (2) THOSE EEFECTYING THE

RESPONSE THAY THE SUBJECT MAKES IN SUCH A TASK. FIVE HYPOTHESES WERE &

ADVANCED FOR STUDY. THE UNDERLYING ASSUMPT ION WAS THAT THERE ARE
IMPORTANT DIFFERENCES BETWEEN THE ACQUISITIGN OF LONG-TERM PITCH
YEMUORY AND THE ACQUISITION ©F SHORT-TERM PITCH MEMORY. TRREE
EXPERIMENTS WERE CONDUCTED. THE FIRST EXPERIMENT KAS CONCERMED WITH
TONAL MENMORY AKD IDENTIFYING RESPONSE, THE SECOND EXPERIMENT ®ITH
ACTIVITY LEVEL 'AND TONAL MEMORY, AND THE THIRD EXFPERIMENT WITH THE
EFFELTS GF VARLATIUNS IN INTENSITY "LEVEL AND FEEDBACK ON PITCM
IDENTIFICATION. RESULTS INDICATED THAT (Ij LEARNING DI NOT OCCUR
WHEN THE DELAY BETWEEN THE STANDARD AND VARIABLE TONE WAS 10
SECONDS, {2} THE 50~DECIBEL STANDARD PITCH NAS SUPERIOR TO THE
50-DECIBEL VARIABLE PITCH, (3} AUDITGRY FEEDBACK IS SUPERIOR TG
VISUAL FEEDBACK AND DELAYED FEEDSACK IN FACILITATING PITCH
ICENTIFICATION: AND (4) IT IS ADVANTAGEOUS TO PRGVIDE IMMEDIATE
AUDITORY FEEDBACK TO STUDENTS IDENTIFYING PITCHES. {HB}
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Problen

This project is an mveatigatidfiz of the sffects on tonal memory of
two kinds of factors: those changing the characteristics of g*imali
presented to the subject in a pitch identification task, and those affect-
ing the response that the subject mskes in such a task. The task in all
cases was to match the pitch of a 932 cps tone by adjusting the fregquemcy
of an oscillator emitting a variable tone when an interval of silence oc-
curred between the two tones. In the study of changes in stimilus charac-
teristics, focus was on the influence o altermtions in intensity. Three
factors affecting responses were studied: the duration of silence between
the standard end verieble tome, fsedback concerning past performance, and
sensory activity level of the subject (i.e., the amourt of sensory stimm.

lation which the subject experienced prior to and during pitch judgment

performance.

Hypotheses

The following general mpott‘xeses vere advanced:

1. Subjects allowed to match a veriable tone to 2 standard imsedi-
ately following the ces&ti§n of the standard will perforiz better on a
test of tonal memory than subjects who are not permitted to respond to
the standard immediately following its cessation., )

2. Hign aci;.ivity level of the organism will result in less accuracy
12 pitch judgnent than low activity level.

5. Both viaual and avditory feedback will facilitate pitch judgﬁent*

avditory feedback, however, u:ul be more etfective than v:laual feodback.

b4, Traim.ng uith a sxbandard tone of mederate intensity will facili.

_ tate judgneat more than tra:ln:lng w:lth a standard of either high or low
intmaity.




long term system to new informafion.

w5

5. Increasiag the intensity of the varisile tofie will result in a
decrease in accuracy in pitch judgment.

shnree experiments, which will be described in deiail below, were de-
gigned to test these hypotheses.

Underlying all of the above hypotheses is the agsumtion that there
are important differences between the acquisition of lovg term memory for
pitch (i.e., memory involving a delay between the staudard amd variable
tone of more than & seconds) and the acquisition of short term pitch
memory. A model describing ssparate long term and short term menory
systeuns provides a way to represent these differemces. The short tern
system in this medel is assumed to come into operation &s a direct result
of sensory expericnces and thought to be capable of storing incoming sen-
sory information for a limited time only. Decay of memory traces in this
system is assumed to take place rapidly so that the amount of information
available with respect to a given stimuius is reduced drasticailly within
seconds after its termination. The long term system is thought to differ
from the short term system in two ways: First, memory traces in the long
term system are assumed to occur as a result of responses identifying the
characteristics of stimuli to be remembered, Second; information stored
in the long term system is available for extended tims periods.,

In accordance with the above conception of Aemory systems, it was
assumed that tonal memory could be facilitated in two vays: first, by
influqncipg the infomation processed by the short term system, second,
by affecting access to the long texi gygf:em either by alvering the oppor-
tunity to the organism to make an iderg}:’:lfying z"espang@\ with respecf to the
stimilus to be r\emembe;‘ed. or by changing the degree of receplivity of the
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The first and thitd hypothesés gdvanced ééove, those involving the
silent interval between the standard and variable tone and the influence
of visual and auditory feedback, are concerned with effects on the sub«
Ject's opportunity for making an identii‘ying resyonse, The hypothesis
involving reduced activity level deals with siteratisns in the recepti
vity of the lomg term system. The last two hypotheses, those concerned
with wvariations in stimilus intengity, deal with effectz on informa-
tion processing in the short term system. As mentioned above, the short
term system is assumed to be activated directlﬁr by sensory experience.
The general question underlying hypothesés four and five is: Do chanses
in sensory experience associated with changes in intensity level affect

the ability of the short term system to processz information concerning

" pitch?

" Related Research

There are a number of studies in the existing literature dealing with
the distinction betwéen short term and long term memory. Investigations
in this area have in the vast ma jority o:t" instances dealt with verbal
learning. This is unfortunate so far as the pi:esent project is concerned
since there are important 4iffsronces between verbsl learm.ng and the
acquisition of pitch identification skili, Nevertheless, literature iﬁ
verbal learning does shed light on the process of learning to idex;tlf'y
pltcheso The most important finding in th:s ccmnect:.cn is that there is
& change’ in verbal memory associated with lengthem.ng ’che time between
stzmulus presentat:.on and respcnse. In early verbal learning studies :.i:
was found that increaemg the time between the presentation of a stimulus
and the response to that stimilus facilitated perfox:mance (Bergstrom,lér%
Guthrie, 1933). This fipding was reconfirmed much later by McReynolds and

A
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Acker (1959)., It hms been sesifted by a number of investigators that the
reason for the cbaerved facilitation is that subjecis ars given an oppor-
tunity to covertly rehearse relevant responses during the delay interval.
The facilitation effect might then he aszumed to be simply the result of
increased opportunity for practice. In apparent accordance with this view
is the vell known finding that when activitiesg are interposed bketwzen
gtimilus presentation and response memory is impaired (Peterson and
Peterson, 1959; Pillsbury and Sylvester, 1940). In certain instances this
detrimental effect may be the result of interference associated with the
interpused activity, However, it is also possible that a lack of rehearzel
inpairs performance. ‘The latter rotion has important implications for the
theoretical explanation of memory in that it suggests that sensory experi-
-ence alione may not be responsible for the occurrence of memory. Responses
nay play an important rcle in the formation®of memories.

Broadbent (1957) did a study in which he examined the role of responses
in information storage. In this study subjects heard six digits in one ear
and two in the other and were required to report all eight digits, first
the sixX and then the two. When the two came near the end of the series of
six, subjects performed mach better than when the two were presentzd near
the beginning or middle of the series. Broadbent argues thzt¢ the inferior-
ity of performance in the latter two. situations is a reswlt of the fact
that the delay between stimulus presentation and response is longer in
those cases than when the two digits are presemted near the end of the
series of six. There was no opportunity for subjects to rehearse in this
experiment since during the delay between the presentation of the two digits

and the response to these digits they were busy reciting the six digits.
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Broddbent (195%) hypothesi‘zeg a dual nedory system similar to the onme
suggested in this project., He labeis the short term system the S system
and the long term system the P system, 'According to Broﬁdbent information

stays in the S system for a limited time only but after passing through

D

the P systom can be restored to th

£ gystem by rchaarszal,

Broadbent's views represent a marked departure from gestalt conceptions
of memory whi.ch have daminat':ed thinking iz American psychology for nearly
a hzif century. Gestaltﬂ ‘ueorists have not recogrized the role of re-
kcarsal in memory and Go not postulate two memory systems. However,
Broadbent's position is by no means totally opposed to the gestalt view.
The function of rehearsal, according te Broadbent, is to restore traces
based on sensation. Thus, memory ia both the Broadbent and gestalt con-
ceptions is composed of traces formed by sensory experience,

Undoubtedly, ons of the reasome why the role of response in memory
formation has uct been clarified im the past ie that rehearsal can take
Place covertly. It is difficult to determine whether memory is formed
from sensory experience or identifying responses or both when relevent
responses must go unobserved. There ere differences between tonal memory
and verial memory which are of importance with respect to this situation.
Studies involving verbal memory typically require a series of responses,
such és, for example, repeating a set of digits, The individual responses
in the seriesz are invariably already stored in memory before the experi-
ment ever begins. The subject is not required to remember the stimuli
presented, but rather the order of rresentation or some other relational

aspect of the stimuli. The fact that relevant responses are already stored

in memory makes covert rehearsal possible,




In a pitch identificafidﬁ task, it miy in many instances be impossible
for the subject to rehearse covertly. The subject may not have a set of
responses already built in pefore the experiment begins, or if he does
have guch a set of responses, they may be no more tham rough approximations

i which they represent. indeed, the problem in pitch identi-

on is to acquire a response or set of responses which represents
an external stimulus. Studies in pitch identification, then, are parti-
cularly well suited to the probiem of determining the basis for meaory
storage. Thke problems associated with covert rehearsal should not he of
the same magnitude in studies in pitch judgment as they are in investiga-
tions of verbal learning; It should not be necessary to interpose activi-
ties between stimulus and response to demonstrate a decrease in menory as
the time interval between the standard tone ang response to that tone is
increased. A study by Harris (1952) is of interest in this regard. Harris
employed two procedures, both involving the method of constant stimilus
differences. In the first, the standard tone remained constant for al:l_.
comparisons. In the second, which he called the roving standard procedure,

the standard tone was varied in five cycle steps through a range extending

from 950 cps to 1000 cps. With the fixed standard procedure there was no

difference in D.L.s obtained from .3 to J¢5 seconds. Tae D,L. declined
less than one cycle per second over a time period extending from .1 to 15
seconds., However, with the roving standaxrd a decline of 1 cps in the D.L,
was noted aftec only 4 seconds. The facilitation e. .2t associated with
delay between stimilus and- response in verbal learning studies is not de-
monstrated by Harris' data,

According to the view taken in this project, the importance of varia-

tion in the time delay between = stimulus and a response is related to the
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changes which such variation creétes in dpportunity for making an identi-
fying response., As the delay increaises, the oppertunity to make an
identifying response decreases. It might be assumed that if there were
some way to make identifying responses possible without reducing the delay
betyeen stimglue presentation and response. delay "r-:cald net seriongly dime
pair performasce. The concept of feedback is important in this comnection,

- It has long been assumed that insofar as an individual is provided
information about the accuracy of past performance, he is afforded the
opporfunity to make future performance more accurate (Stevens, 1951).
Increase in accuracy associated with feedback would suggest that memory
for pitch is determined by the occurrence of accurate responses in addi-
tion to the imitation of sensory experience. Little information is avail-
able on the effectiveuness of feedback in pitch identification learning.
In a study by Poilack —'and Jdohnson (1959) , feedback was found to enhance
pitch judgment. However, Campbell and Small (1963) found that feedback
not only had no beneficial effect on performance, but actually seemed to
impair performance. Th's finding will be considered in detail in the dis-
cussion of Experiment III.

To this pcint, attention has been focused on studies concorned with
alterations in the opportunity fcr making an identifying response. Studies
related to the effects of intensity on processing in the short term system
and related to the effects of reduced activity level on a;cce,-.ss to the
long term system will now be considered briefly, There is ve.y little
information in existing literéturé vhich deals with cither the effects
of fatensity on pitch judgment or witn the éffects' of raduced aéﬁiv:';’tj

level on pitch identification, A study by Shower and Biddulph (1931) is

of interest with regard to the effect of intenéity on piﬁc‘h discrimination.




.conducted in this project. The first of these

Wl
These irvestigators found that didcrimination improves with increases in
intensity up to 20 decibels and then levels off. This indicates that
intensity does affect performance. Two important differences exist, how-

ever, between the Shower and Riddulph study and the type of investigation

{wde

g that the Showsr and
Biddulph study is concerned wit* ayditory acuity ruther than auditory-
memory. The second difference,.related to tue first, is that these in-
vestigators do not distipguish between learning and pexrformance.

The hypothesized relationship vetween pitch judgment and activity
level was made on the basis of the assumption that reduced activity
level would facilitate access to the long term system., There are numer-
ous studies which suggest that under reduced sensory stimulation, visual
aid auditory experiences may become extremely vivid and ofien assume
hallucinatory character (Solomon, et al, 16613, - There is no evidence,
however, concerning whether these vivid experiences are based only on
responses built in before reduced stimuiation or whether reduced stimula-

tion makés the long term system eagily accessible.
Procedure and Data Analyeis

. Experiment I\
Ibnal memory é Identifying Respouse
This siud, is b=sed on the assumption that tonsl memory, defined
cperationally as the 8bility te match the pitch of a variable tons to
that of a standard tore when 10 seconds of silepce in%e‘ vane between the
two tonmes, ;sAacquiredrat iessy‘in ﬁart‘as the result of vhgrlnfluence ot
identifying responses.
The central hypcthesms is that subjects trained under an 1dent11 ixg

response condition allowing them to match the pitceh ofﬂa.varzable tone to

B
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that of a standard tone 1mmediéteiy after the dessation of the standard
tone will make better scores on a posttest measurlng tonal memory than
subjects trained under any of the following three conditions: 5 second
presentation of the standard tome followed by 45 seconds of silence;

5 second presentation of the standerd tone followed immediately by the
variabie tone without adjustment of that tone by the subject; 5 second
presentation of the standard tone followed by 10 seconds of silence, then
rresentation of the variable tone and adjustment of that fone by the sub-
Jjecta f

Memory for pitch is .congidered in - this study as an
intervening variable defined on the one hand by an incoming stimulqs, the
tone to be remembered, and on the other hand by an identifying response
to that stimulus occurring after an interval of time. The word "identify-
ing" suggests that in order for a response to sefve as an éperational de=-
finition of memory it mist, at least to some extent, poinf out the dis-
tinguishing characteristics of the stimilus to be remembered,

In the past, in connection with this descriptive paradigm of tonal
memory, or for that matter memory in general, it has been assumed ?hat an
incoming stimulus may have the‘capgcity to leave a lasting imprint in the
nervous system. The gestalt concept, stimulus trace, is a good example
of this view of memory. According to-the gestalt view, the incoming
stimlus is assumed to ve fesgons1b1e for creatlng those mollifications
within the o?ganzsm whick underlie memory. Not only does the incoming
stimilus provide a definition of memory by de se ng that which ié to be
remembered, but also it produces those changes within the organism upon
which memory is based. The identifying response indicates the presence of

me:~éy; That is, it serves as a signal implying that menory has occurred,

bl
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It is not, however, assumed to prodice thasé modifications which result

in the internsl repregentation of the stitmlus,

The central hypothesis underlying this experiment is that effects of

the identifying response are stored in memory, It camnot be overlooked

that the influence of a stimlus tone does persist after it is no longer

pPresenv in a given situation, This, indeed, is a well documented fact

(Harrls. 19525 Konig, 1957). However, it is also a fact that such in-

fluence decreases rapidly with time (Harris, 1952; Konig, 1957). The

concern of the present study is with influences which persist despite g

lapse of time,

In order for an identifying recpgonse to take place it must ocecur

when there is a stimulus present to 1dent:.fy.

In the first condition deg-
cribed,

the response is made in close temporal conjuncticn with the stand-

ard stimilus. In thig

condition an identifying response is possible,

second condition meniioped prondes amnle cgportum.ty for the

standard stimh%:xert i¥s influence by prgduclng st:.mulus traces.
However, there is litthre opportunity for making en i i fvi

an 1dent:.4‘v1ng response

since the subject is not permit

to adgust the oscﬂ.ator. If :uzazti fy-

ing responses d> affect tonal memory, su

\lﬁe\ ts tra:med under the f:.rs‘.

condition should perform in o super:.or fashion *c t

tra:.ned uder uhe

second condition,

The third cordition permite the subject to near 'both the st \

ardard
but does mot allow her to make an identz.fying; r

and var:.able tone,

@PC"BG °

It is assumed that learning will not be mcreas»d by merely hear:.ng the
[

standard followed by the '500 or 1700 cps variable.

In order for 1aav~ning

Y

to be enhanced an J.dentlfy:n.ng reeponse must occur.
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The fourth corZition is identidal tio the test condition. It allows
the subject *o respond, However, asince the response cccurs after 10
secoris of silence, *i:he influence of the standard tone has already de-
creased substantially. It was assumed that the hypothesized superiority
of performance in the first condition would not be the result of ite si_m-.
ilarity to the test condition and that in consequence performance in the

first condition would be superior to that in the fourth condition,

Method

Forty-eight femzle subjects from the University of Kansas educational
psychology pool were used for this investigation.

The sound system used for the experiment consisted of two Houston
instrument Type J1 oscillators ﬁcnnected to an extemal switch bbx capable
of channeling the sound from elther oscillator into a set of Permofiux PDTS
ee;rphénes inside a sound-proof room. The frequency response of these ear-
phones was + .5 decibels from 500 to 1700 cps. £ frequercy counter and
a voltmeter were comnecte? 4o +hz two oscillators enabling measurement of
the frequency and ircensity of the icmes emitted. The duration and se-
quence of tone preesntation were automatically controlled by interval
timers, The <s:''lator that was adjusted by the suwbiect was modified by
covering the dial to provent. vieual cues in repeated adjustments and wag
restricted in range to adivsiments bei.cen 500 cps and 1700 cps.
\*\:ub;jggt,s were given a pretest involving Judgments of a tape recordes
piano tone (i hlo era).’ Tirst the standard tone was presented. Then ol
loiding a 15 second ~eriod of silence a series of 15 variatle tones were

presented at 3 second intervalg, Ths = unjesis wereé instvusted to indicate
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for each tone whetler or not it was idéntical to the standard. There
were 18 trials. A score for each eaﬁject was determined by counting the
aumber of variable tones incerrectly judged.

On the basis of this pretest, subjects were matched and assigned at
random to one of four training conditions. Subjecta trained undar sach of
these conditions were then given a test assessing tonal memory. In all
conditions total time per triasl was 50 seconds. The gibjects’ responses

were recorded from the frequency counter. Forty training trials and 25

test trials were given. For ali trials the intensity of the tones presented

was approximately 4O decibels.,
Training Condition One., A standard tone of 932 cys was presented for
S secon&; foliowed immediately by a 25 second presentation of a variable
tone (500 and 1700 cps alternately), f%ke subject nttempted
to match the variable tone to the standard by adjusting the escillator
dial. Following the 25 second prresentation of the variable tome there was
a 20 second period of silence., In the silent interval between trials, the
subject set the oscillator disl alternately at the 500 cps or 1700 cps
position.
Training Condition Two. &his condition consisfed of the presentation
of the standard tone .for 5 seccids followed by 45 ssconds of silence.
Training Condition“Thfeeq }?ﬁg standara tone was presented fbrls
seconds followed immediatéi: §y a 25 seqond_presentation of the variable
tone. No adjystment was made, A 20 second period of silegqe preceded
the next trial. L . N -
Training Condition.Fbﬁr. }Thg:§t§ndgrqftpqevqas.gresented for 5
ﬂgcondg £5ilowed by 10 sggqus pfgsiienqeq, At}the e@d,qf 10 seconds of

silence the varizble tone was presented for 25 seconds. Tue subject's
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task, as in condition one, was to metch the pitch of the variable tone to
that of the standard, A 10 second period of silence then preceded the

i
/éf next trial.

The training sessions were followed by a test condition identical to

condition four. A swbject's score on the posticst was the mean deviadion
of the logarithms of her frequency judgments from 932 cps. Logarithms were
used decause frequency judgments reﬁdered in opa 4o not provide a pitch

scale 'with equal intervals whereaa logarithms do.

Results and Discussion

Pretest means and variances for subjects assigned to each training
condition are given in Table 1. Bartlett's test for homogeneity of .var-
iance (Winer, 1962) revealed no significant differences in the wariances,

An F test (Winer, 1962) revsaled no aznificant differences in pretest

means,
Table 1
Means and Variances for Pretest Data
Condition 1 Condition 2 - Condition 3 Condition &4
Means k.1 239 . 22,9 24e3
Variances 34,74 323,61 336,41 321.59

Means and variances based on posttest scores are reported in log de-
viations in Table 2, For convenience,t of integgretation these scores gre
also transormed into semitones, Because of hetersgeneity of variance
Wilcoxon's Match-Pairs Signed Ranks Test was used in making comparisons
of performances of the tr&mj.nggnoups in, the. test condition (Wilzg,oxon .

and Wilcox, %96#). , Th> results of the Wilcoxon tests computed for
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each of the six possible pairingh of the folr conditions studied in ‘“he
experimeﬁt are given in Table 3, As predicted,.sigaificant differences
= T | Table 2
‘ Means and Variances of Mean Log Error Scores

for Posttest Data Expréésed in Logs and Semitonee

3 Condition 1  Condition 2  Condition 3  Condition b
Logs Semitones Logs Semitones Logs Semitones Logs Semitones

Means 0185 75 .0523 2,10 ,0592 2.%7 0549 2,20
Variances 0002 00 00023 «10 . 0055 » 23 0022 10

between ranks were obtained for the three comparisons involving in tura
the pairing of condition one, the immediate adjustment conditionm, with
each of the other three conditions. The performance in the test condition
of subjects trained under condition one was superior to the performance
of subjects trained by all other methods. Futhermors, there were no
significant differences between test rerformance of subjects invelved in
any comparisons between training conditions which 4id not include con-
dition one.
It could be argued that the reason that subjects ip condition one

- performed in superior fashion to those %rained under otﬁer conditions is
that condition one subjects simply had more exposure to the standard tone
than other subjects. Insofar as subjects éuring'training under condition
cne were able to adjust the variable tone to match the standard, they were
exposed to the standard not for 5 seconds but for nearly 30 seconds during
each triel. That is, not only did they hear the standard tone during the
9 second presentation at the béginning of each trial, but also after each

adjustment they heard tones approximating the standard for nearly 25 seconds.
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Rank Differences and Associated Sigﬁ{ficénce Leveld Used in Corguting
Wilcoxon'e Signed Rank Test for Postiest Datz

> ae

Conditions Conditions OConditioms Conditions Conditions GConditions

1-2 1-3 -4 . 2-3 2-l; 3-4
Block* 1 +1 -25 -1 ‘2 +1 1
Block 2 ’-12 - 2.5 - 8 -9 ~10 -8
Biock 3 +2 -11 -5 #2 -2 2
Block &4 -8 + 4 -6 -4 -3 -5
Block 5 11 -1 -9 - 8 -7 -10
Block 6 -3 -5 -2 I -h +2
Biock 7 -4 + 7 +3 -3 -5 -3
Block 8 ~10 -9 -4 -10 -11 -6
Block 9 +6 - 8 ~10 +5 | +12 -9
Block 10 ~ 7 + 6 - 7 o -6 -6 -7
Blockll = -9 -12 elé:\ R A o+ 8 +11
Beckl2  _ =5 _ 0 _a1 47 a9 _un
+ =P + =178 + =8P +=37 = 30 + =30
c=6  -=@ =70 =ell -ol8 .oy
p ¢ .05
bp < w01

*A block is defined as four matched su?jects each af wh1ch is aeeigned

R

to one of the four tralning cﬂndltionse
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What is being suggested hefe ia that performande is a function of amount
of exposure to the standard tome. 'ﬁbﬁever;'the data do not support the
ascumption of a relationship between amount of exposure to the standard
tone and performance. If amount of exposure. were a factor in performance,
then ore would expecct to see mome improvement in performance wit
exposure to the standard tone. The fact that such improvement did not
occur may be shown by an examination of the performance of subjects trained
under condition four. A trend analysis (Edwards, 1964}, the results of
wiich are presented in Tshle 4, revealed no cheage in accuraéy of judg-
mexts of condition four subjects over 64 trails. REight equally spaced
blocks of two trials (i.e., trials 7-8, 15-16, 23-2k, etc.) were used in
this analysié. Mean log deviations werz obtained for subjects at each

two trial block . There were no significant differences between these

means, -
Table &
Trend Analysis ¢ Condition 4 Subjects Across 8
Blocks Consisting of 2 Trials Bach

Source SS - DF MS F
Trisls  ,002432735 . 7 0003475 . 734
Iinear  ,00123569 1 .00123 2,60093
Subjscis .43762@#92 11 -03978368 fh 08

Tx 5 036425693 27 00047306
95

*p & .005
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Results of the trend dnalysis do not supjport the assumption that
performance is a function of amount of exposure to the standard tone.

This might at first seem to contradict the well established fact that
repetition can affect performanqe. However, it must be remembered that
because of the 10 second delay repetition in condition four occurs with
only minimal opportunity to make identifying responses.

An identifying response may be defined as bchavior which descrives
the dimensions of a stimulus by imitating them. The identifying response
used in this study was the adjustment of an oscillator to produce a tone
matching the pitch of the standard tone. A% least this was the overt
identifying response. Is it not also possible that covert identifying
responses could have been occurring? That is, would it not be possible
for a subject to respond to the standard tone by forming an auditory image
of it immediately after its cessation and in so'daing establish memory for
the standard tone? It is commonly accepted in studies of verbal learning
that such covert responses o?cur and that they play an important role in
influencing learning (McGeoch and Irion, 1952; Broadbent, 1957). There is,
however, an important difference between studies of verbal learning and
studies of pitch identification. In the former %ihe identifying responses
which indicate the memory of a given set of stimuli are characteristically
part of the response repertory of the subject before he has entered the
experiment. For example, a subject required to learn to recite a set
of digits already knows how to say each of the digits before the experiment
starts. The only thing he must learn is the order of presentation. It
would be expected that such a subject could make covert identifying re-
sponses relevant to the digits as soon as they were presented.

The subject in a pitch identification study faces a different
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situation. If he is to make a covert responge; it may be cne that he hes
never made berore. Indeed, if it were vbbsible for him to form an audie
tory image of the standard tone and this image were to persist for any

length of time, one could say almost by definition that he remembered the

] AL & PR .. LL2
ge iz in essencs an suditory memory. Ta this

standard. An

auditory ima
connection it is interesting to speculate about ome finding in the study
which, despite the fact that it is the invariable attendant of almost all
studies, needs some explanation, Namely, individual differences in ac-
curacy of pitch judgment within experimental conditions did occur. What
accounts for them? |

The adjustments of some subjeéts in each of the experimental conditions

indicate that there are people wio are able to identify the standard tcae

despite variations in training procedures. Beyond this it is a well kuown i

fact that some persons cculd have identified the standard tone simply on |

the basis of being told that it was B flat. On the other hand, scome indi-

viduals in all conditions except condition one were unable to accurately

approximate the standard tone. Thst is, their judgments characteristically

varied as much as 300 to 400 cycles or mcre from the standard tone.

It may be that the reason for these individual differences is the

fact that some suujects did not have in their repervory of responses

covert responses for identifying tones while others did have such responses,

Two studies by Bergan demonstrating a relationship between suditory imagery

as measured by a questionnaire and skill in pitch identification provide

suppcrt for this view. In the first of these (Bergan, 1965) a relationship '

between imagery and pitch identification was obtained for women but not for ]
!

men, In the second (Bergan, in press) it was found that after erzlioying

a procedure for removing response bias from thi imagery questionnaire, the
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relationship obtained for both dexess -

The effectiveness of the b¥ert ideHitifying response, then, is ase-
sumed to be that it can for some subjects pmovide an identifying response
where none was previously available. The superiority of condition one
supports this assumption,

Another issue of importance in conside:ging en identifying response
explanation of tomel memory concerns the conditions necessary for an
identifying response to take place. Condition one im the present study
prov;ldea one set of circumstances which facilitate the occurrence of
identifying responses, Might there not be others? A study by Pollack
and Johnson (1959) bears on this point. These investigators, in sddition
to finding that two kinds of identifying responses, oscillator #d(nfstment
and whistling, were effective in improving pitch judgmént also obgerved
that verbal feedback was a facilitating factor. This latter might be
deacribed as a condition facilitéting the occurrence of an identifying
response. One way to make an identifyiné response possible is to zllow
the response to occur in close temporal conjunction with the stimulué.
Another way is to provide %he subject with useful information about his

responses, There may be many other ways,

Experiment II
Activity Level and Tonal Memory
The experiment on activity level will be described briefly., 7Tt was
hypothesized that .reduced activity level woul& facilitate accuracy in pitch
Judgment. Fifteen male subjects participated in the experiment. The ap-
paratus vas the same as that described in Experiment I. The subject's task,

as in ail experiments, was to adjust the Pitch of the variable tone to match

that of the standard tone. The S-V interval and interval between the end of

R
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the adjustment period and the onset of & subsequent trial were boih S
seconds. Initially there were 12 trislzi These trials were followed by
2 15 minute period of reduced activity levei during which the subject sat
in a reclining nhair and the sound-proof room was in total darkness, thus
merkedly reducing vieual, suditory and kinesthetic input. At the end of
the 15 minute period there were 12 additicnal trials carried cut under
the reduced activity lsvel conditions.

An F test indicated that there wes ne significant difference betweer
subjects' performances before and during reduced activity level. The
hypothesized relationship tetween activity level and pitch judgment was not

supported by the data,

It is possible that the period of reduced activity level was not long
enough to be effective. However, various behavior alterations known tc be
associated with reduced activity level (for examnle, the occﬁrrence of hal-
lucinations) have been reported with periods of reduced stimulation as short
as the one used in the present study (Solomon and Howes, 1961}. Reduced
stimilaticn may facilitate the transformation of irformation stored ia the
long term system into sensory exﬁerience. However, there is ut present
no support for the idea that reduced activitly level iacreases access of

newly acquired information to the long term systenm,

0 Experiment III

Effects of Variations in Intensity Level and
Fbedbacg.on Pitch Identification

This study is an examination of the effects of variations in intensity
level and type of feedback om learning in =z pitch idemtification task,
Effects on learning are distinguished from effects on performance 25 fole
lows: When behavior in the experimentsl eituaticn ig infiverced by a var-

iable presen® in that situation (for example, feedback or imtensity lawal},
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. that variable is affecting performante and ma§ or may not be affecting
o lewrning. If an effect pefsists when the relevant variable is no lomger
;;i present in the situation, then the offect is adsumed to have been on

> Vg

learning. If, on the other hand, the efiest disappears when the relevant

i i A Rm ammeemmnsd S todaen YU dr e em e
variahle is ne 1-1"-393‘ preeent, the affect is aobucuy »W uave vsen on per-

formance.,

L The task in all conditions of the experiment was to adjust the pitch
of a variable tome to match that of a standard tome when 5 seconds of silance
intervened between the two tones. There was a treining session in which the
relevant variables were introduced and a test cessiun im which these varie
.k ables were 2ltered or removed, During the training session thres levels of
intensity (25, 50 and 75 decibels) were used with both the standard and

. variable tone. There were three feedback conditions; delayed suditory feed-
53‘ back; a control condition in which there was a 10 second interval of silence
between the end of the allotted adjustment period ama the beginning of an-
%; other trizl; visual feedback, in which the experimenter reported errors te
%_ the subject by pointing to 2 visual scale repregenting possible frequency

- deviations from the standard; and auditory feedback, in which the standard
was presented immediately following the period allotted for adjustment, In
the test condition the standard and variable were presented at 50 decibels
witn delayed feedback.

The following hypotheses were advanced: firat, training with a 50
decibel standard will produce more accurate judgments in training and test
cenditions than training with a 25 or 75 decibel standard, Second, there
Will be an inverse relationship between intensity levels of the variable
tone and accuracy of judgment ia trainirg ang test conditious, Third, the

order of effectivenoss of feedback in trairing end test conditions will be




-pitch necessarily involves the perception of loudness. It was felt that

=25

delayed feedback, visual feedb#ck; and auditory feedback. i%;

It was assumed thaé éﬁﬁ éffe¢td mentioned in these hypotheses would rot ‘;-
operate to the same extent for all subjects. In & task like pitch identifi- |

cation in which learning is presumed to c¢cour and in which individual dif- i

ferences in performance existg'subjects capable of performing &% an optimum
level before trainizg wan change little as a result of practice. Oun the
other hend, subjects who initdially chow little ability wey improve greatly.
Factors facilitating pitch identification, thea, should roduce th» weriaiile

ity of the groups to which they are applied.

The superiority of the 50 decibel standard was suggested on the basis %fi
of the notion that the loudness of a tone determines ils effect on accuracy e
of judgment. Two points concerning intensity are important in connection &

with this assumption. First, increases in intensity magnify the defining
characteristics of frequency., For example, an increase in the amplitude of
a sine wave makes the distances between peaks and troughs in the wave larger.
Since this maghification has its amalogue within the organism in the form o?
increased neural firing with increased stimuius intensity, it was assumed
that increased loudness would provide increased.definition of pitch and in
80 doing would facilitate judgments in the training condition. Second, be-

cause intensity is an ¢ver present characteristic of tone, the perception of

kigh intensity would make loudness the dominant characteristic of tonal per-
ception and thus would interfere with accurate judgments of pitch., These
considerations suggest a curvilinear relationship between intensity and
judgments of pitch.

It vas assumed that the facilitating effects of the 50 decibel standard

would continue to operate during the test session. If the 50 decibel group,
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as predicted, were to maké more accurate responses than other grours during
the training session, they would havé ﬁr&d@ided corract responses mere often
than the other groups.

The inverse relationship betweer variable tone intenslity and accuracy
of judgment was assumed on the hazis of the notion that the degree of inter-
ference of the varisble tone om judgmeuts of the stundard would be a function
of the intensity of the vaviable tome. The verizble tone was expected re-
gardless of intensily to emert an interfering sffedt on the stamierd. Such
interference is zimply an exazmple of the well documenied consiaut errer
associated with the metihod of adjustment ﬁ(éuilfoz*ée 1958}, The degrec of
the effect was aséﬁmeétto be a function of the intensity of the variable %ome.
It was felt that the effect would carry over inte test session performance
in that subjects trained wnder highly interfering conditions wouid have less
practice msking correct responses than subjects trained under otksr condi-

iens,

The rationale for the feedback hypothegie was as follows: The dslayed
feedback condition was regarded as a control condition. The information proe-
vided by the varizble tone was sxpected to be almost totally diszipated by
the end of the 10 second period of silence between the end of the &djustment
peried and The onset of the next £rizl. Accordingly, it was feli that both
visual and auditory feedback would be more affective in decreasging srrorz in
training end test conditions thaw delsyed feedback.

The hypothesized supericriiy of the auditory feedback condi%ian was
based on the notion that there weuld be a loss ef information if the visual
channel were used to degeribe a relationsaip between a stimlus and response
primarily iavolving the auditory channel. The visual and auditory feedback
conditions both define quantitstive dimensions providing a basis for

-
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classifying judgmentss The KoMle used in the visual feedback condition de-
scribed a dimencion representing posﬁiﬁ.fle deviations from the standard. The
immediate ccmparison of the standard and variable tone afforded by the audi-
tory feedbsck condition also provided a continuum of deviations from the
standard. However, classificetions occurring on the auditory dimension pro-
vided more readily usable information thsm those occurring on the visual
dimension. It was assumed that in order For vigual feedback to be effective,
it would have to be translated intc the auditory dimemsion. That ie, values
cn the vizual dimension would have to be made to correspond to those on the
auditory dimension, gnd thé possibility of information loss in the transla-
tion process seemed likely, Thus, it was assumed that judgments of subjects
trained under auditory feedback would be superior to those of subjects

trained under visual feedback,

Method.

‘s

One hundred eight subjects taicen from the educatiopal psyzhology subject
pocd at the University of Kamsas were each assigned at random to one of the
twenty-szeven conditicns described by the possible combinations of feedback
znd intensity used in the studv, “

. The sound system used for the experiment consisted of two Houston Instru-
peat Type JL oscillators conmected to an external switch box capable of chane
aeling the zound leom either oscillator into a set of Permoflux PDIR ear-
phones inside =z sound-proef xocm. The frequency response of these earphones
¥aS £ o5 decibels from 500 to 1700 eps. A Bruel and Kjaser sound level mster
Iype 2203 and artificial ear Type 4152 with condenser microphone Type 4131
were used te measure intensity. A frequency counter was used ‘to measure

frecuency. The duration snd sequenée of tone preseritatioﬁ were autorﬁatically
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controlled by interval timers: The dscillator that was adjusted by the
subject was modified by covering the dfbi 4 ﬁwéﬂent visual cues in repeated
adjustments and was restricted in range to adjuetments between 500 and 1700
cps. Prior to the beginning of each trial, the subject was instructed to
set the variable tone to the appropriate extreme of tﬁe range. On trials one
and two for all conditions the setting was 1700 cps, for trials tacaze 2nd
four it was 500 cps. This pattern of alternation was continued for =33
trials. In all conditions there were 16 training trials and 12 test trials,

In the delayed auditory feedback condition, the standard was presénted
for 5 seconds and followed by 5 seconds of silence. Then the variable tope
come on for 15 seconds during which time the subject made his jndgrnent,
There was a 10 second interval between the end of the Judgment period and
the onset of the next trail, .

The visual feedback condition was the same as the delayed feeiback ébné-
dition with the exception that immediately following the adjustment périod
the subject was given visua. feedback. The experimenter pointed to a visual
scale on which the subject's Judgments could be represented, The ascale was
divided into 22 #-inch steps representing 22 equal intervals ( i.e., semi-
tones) from 500 to 1700 cycles per second. Each semitone coulé be subdi-
vided into thirds by the experimenter. Thus, the error in reporting to the
subject in a given instance could be no more than & one sixth of a sewmitone,

The imwediate auditory feedback condition was identical to the delayed
feedback condition with the exception that the onset of a new trial followed
the judgment period immediately. K

e test eoﬁdition wag identical to the delayed feedback condition.
Resultsl

The subjects' ndgments were expressed in absolute deviations from the

932 cps standard. Because frequency does not describe Pitch scale with equal
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intervals, judgments wire convefted %o logardthus: A subject's score was
the mean log deviation bf his Mﬁls&zﬁ@é@! Méans and variances of the mean
log devislians of subjects re&poweé for sach of the nine expsrimental cone
ditions ave presented in Table 5 for both troiming and test gessions. For

convenience in interpretation these valnee are ales sxpressed in sordtones,

Table 5 .
Heans and Variances of Subjects® Iog Deviations in Training and Test
Ferformances for the § Experimental Conditions Expresgssed in
Logs and Semitomes

Training Condition Test Condition
' Veane Variances Means Variances

logs Semitones ILogs Semitones logs Semitones ILoge Semitones

= RAITIAN

«05602 2,25 00217 .10 «02768  1.10 200195 <08
03306 1,31 00080 .04 02266 92 L0189 06
07206 2.88 00339 .13 05710 2.29 00687 029

W o

e s ]

JONEIC 1.8 L0025 .08 .02400 .96  .oous2 .08

v

i

Va 06276 2,52 000395 17 04558 1.83 00365 15
\’3 05222 2,10 +00164 <08 03520 1.k0 +00151 06
Fl 06835 2,72 »00322 13 05182 2,08 -00336 o14

Fz 03958 1,58 +00231 10 .02682 3.08 00209 10
1“3 05315 2.12 +00144 06 02861 1.i4 «00102 Oh

S = Standard

V = Variable

F = Feedback

Subscripts 1, 2, 3 refer to 25y 30, and 75 decibel eonditicns, or

in the case of feedback to delayed, visual, and aunditory feedback
corditions.,
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hp mentioned sbove, 1t wad sosunsd tant tredioent effects would not O«
exate equelly for all zubjecth sud that treatuents £aciliteting judgpent ¢
would reduce the 'varia‘éilﬁ&? of the gr@pa to uhich they wer- applied, Ac-
cordingly, F tests were used te evaluamte differences in ge;wp varisbiidity
among conditions,

To test the superioriity of the 50 decibel standard for boih training
and test sessions, ¥ ratios were computed between each of the three peiva
of intensity conditions defined by training session variations in the ia-
tensity level of the standard. Results are given for training and tes:
seszlons in Teble 6. The data for the iraining session support the hypothe-
sized guperiority of the 50 decibel condition. For the test session, the
predicted difference botween the 25 and 50 dosibel training é'f:‘eupa wzs not
supported. However, the V5 decibel conditisam was, as predicted; inferior
to the 50 decibel conditien.

Teble 6
¥ Ratios Between Comditions Involving Yariations

in Intensity of the Standard Tome

Lo o 8o

Souree  Variances d.%, Comparison ¥ 4
S ‘25 sGQZl?} 35 SZ,":‘% Ssﬁ é 8 ?1% @095 l .,
e i . 1
S‘)’O .W:: 35 S?f; 350 &, 2040% 05
= -
375 90333 5\;‘ 575 825 l ) 6@6
Test
* A I‘” 5 -~ - e e &
st 002 250 25 325 @ ;
350 001603 35 -350 3e5283 005 ;

N

S5
75 LO6BE7 35 | 525 3.75 b o 28358 -005




F ratios for both training snd test sessions computed for the three
pairs of conditions defintd by tﬁaihiﬁ_g dession variations in intensity
levels of the variable tome are given in Table 7. The results of these
tests do not support the hypothesized imverse relationghip between inten~
sity level of the variable tone and training and test seesion performance. 2
Le predicted, the 25 decibel coudition was superior to the 50 decibel
condiiion in both trdining sud test'iessious, Howsver, -the 75 -decibeld <
group,: which was pre&iséesé to show the poorest performance of the three '
groups, was ia fact significantly superder i‘:g the 50 decibsl. group in ; &
both training and teat ceassions.

Tsbls 7
F Ratics Between Conditions Involving Variations .

in Intensity of the Variable Tone

Scurse  Variances 4.7, Comparisen - F ?

Troin :
Vo 001543 35 Vas Vo4 2.5523 .C10 |
V50 (03951 35 V25 375 —— —
V.?a 001643 25 ¥ V75 25045 010

Test
%’25 000152:1 )] ?25 VEO 2?404 .O%
VSG 00365 35 'J:eﬁ V,?5 "": h
v, 5 - 001511 25 V% J’7§ 2.3520 .0l

To teat the hypothesized orler of effectiveﬁeas for the feedback con-
ditions, F ratios were commuted between the variances of scorves for essk of
the three possibls paiys of feedback conditions in the training and test
sessions. The results of these tosis Yor hatn training and test sessions
sre given in Tabls & The hypothesized effectiveness of auditory feedback

vecelved support.
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Tre auditory condition was superior to the delayed condition for both trair-
ing and test sessions:and to the visual d¢onditics for the test seseion.
However,it wag not significantly different from the visual condition in the
training session. The hypothesized effects of the visual condition weve not
sunnarted by the data,
Table &
F Ratios Between Conditions Involving

Yariations in Feedback

Source Varianges a.f, Comparison F P
Irgan
Fi 00322 35 Fi FE 1.3%3 -
F, »00231 35 Fi 33 2.236 025
oy % —
3 3 001N 35 F, 3?3 1,604
Zegt
3 +00336 35 P, F, 1,556 e
Eé Q0200 35 ﬁi F3 2.184 25
¥, +00102 35 F2 33 . 2,045 025
Ei = Delayed feedback.
Eé = Vasual feedback.
F, = Auditory feediack.

Discussion

The observed superiority of the 50 decibel standard during the training
segsion gives support to the hypothesis that increased intensity level pro-
vides increased definition of pitch as well as the notion that high level
intensity can become an overriding characteristic interfer ‘ng with pitcﬁ
Jjudgment. Shower and Biddulpk (1931) also observed a relationship betyeen

intensity level and pitch juégment. However, in their study the relationship

£
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did not. persist beyond an approximate level of 20 decibels. In this connec-
tion it should be noted that in the Shower and Biddulph study there was
almost ro delay between the presentation of the standard and the ensuing
Judgment. Thus there was little cpportunity for the stimulus trace to decay.
it is possible that when long delays exist between stimulus presentation and
Judgment permitting increased opportunity for trace decay, the relationéhip
between intensity level and accuracy of pitch judgment will be maintained
at higher intensity levels.

The lack of significance between the 25 decibel condition and theﬁ50
decibel condition in the test session is apparently due to the fact that the
20 decibel group became more veriable in their performence during the test
session than they had been during training.ﬂ'lt 18 not clear why this should
occur,

The data do not support the hypothesiéed interference efiects associated
with intensity level variations of the variable tone. Rather the regults
describe a mirror image of the findings given for the standard tone. Whereas
the 50 decibel standard produces superior performance, the 50 decibel verie
able produces iaferior rerformance, One possible explanation for the results
cbserved with respect to variations in the variable tone is that magnifica-
tion of the defining characteristics of pitch of the variable tone may inter-
fere with judgments of the standard. )

Treining and test session data support the hypothesized effectiveness
oi auditory feedback, Despite the fact that fhe assumed effectiveness of
vigual feedback was not supported, it could well de mizleading to suggest
that visual feedback is not effective. Performance of the visual feedback
group was in the predicted direction. Futhermore, although the variability

of the wisual group was not smaller than that of the delayed fecdbnck
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condition, the mean for‘ths visual group was gignificantly higher than that
for the delayed feedback group in both ti"airsing and test sessieons (p < .005).
Vieual feedback appears to affect learning though not in the manner predicted.
Futher research is necessary to precisely describe the differences between
the effects of visuzl and auditory feedback.

The findings with respect to fe&dﬁack are of interest in connection with
an earlier study by Campbell aznd Small (1963) in which feedback was found to
have a detrimental effect on pitch discrimination., T%e?e is variation be-
tween their method and that of the present study which could account for
differences in results.

One important difference between theJCampbell and Small investigation
and the current study is that they used only visual feedback. I% was sug-
gested above that in order for viaual feedback te be effective, it must he
translated into the auditory dimension defined by the sounds which the sub-
ject experienced in the testing situation. In the Campbell and Small study,
if the svbject bappened to hear two tones which %o him were not perceritibly
different, visual information suggesting that one was higher than snother
could not be translated to the aﬁditony dimensicn for subsegueant uss. The
relevance of visual faedbgck could come about eniy during the conrse of a
number of trials as the subject began to apprehend the audicory dimensicn.
For example, in some cases the subject might be sure *hat the variable was
higher than the standardﬂ* Feedback would confirm his judegment. In other
cases he might have an opinion sbout which e was unsure. Fezdouck might
be most effective in such instances. It could conceivabiy take several
trials for the influence of feedbamck tc be Asmonstrated. Futhermore, in the
early trials, a great deal of irrelevant visual information would be come
mmnicgted_ts the subject. This could explain vhy Campbell and Small found

feedback to be Getrimental to performance in the early phases of their study,
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Conclusions and Implications

In Experiment I it was found that iédrhing did not occur when the delay ‘
between the standard and variable tone was 10 seconds. However, leaxning
did occur when there was no S~V delay., These findings support the visw that
tonal memory is not based on sensory experience alone; the opportunity 4o
mske a response is important in gaining access to the long term memory
system. The findings with respect %o ‘the S~V delay are directly sppiicable
to edqucation. They suggest that acquisition of pitch identification skill
will be facilitated if students are allowed to mzke overt identifying re~
sponges immediately following the cesmationu of the tome %o be remepbered.

The findingé on 8-V delay also have impiications for future vegearch.
The fact that the identifying regponse has been shown i{o be an jmporiant
factor in memory formation suggests the need to define the esssatial features
of this ¢type of response, Ig i{ necessary ror the subject to actualiy adjuss
the oascillater dial %o improve his Judgments, or would it Be sufficient for
improvement if he were to hear the variable tome being adjusted ?@’apgwoziw
mate the standard? If ¢he latier proved to be the case, an identifying ree
sposse might be thought of as 2 comparison of a tone with an spproximation
to the tome, However, perhaps it is necessary for the subject ¥ adjust the
dial or at least control the freguency of the variable tome in s0m9 way, J§
this is the case, the identifying response may be more closely mssociated
with imitation than compsrison. A third poesibility is that both imitation
and comparison are involvad. The validity of these as well as other igter-
yretations of the neture ot the identifying response must be determined by
future ressavch, |

The supericrity of the 50 deaibel standusd amd inferiority of the 30
decibel variadle observed in Bwperiment IIT indicate thst variations im -
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intensity affect tonal mémory. These findinge imply thai a standard tone
of moderate intensity should be usel in traiming students te.identify pitches
and that the variable tone shouid he of eithet low or high intensity,

The findirgs in Experiment IZI indicute thst. auditory Yeedbnck is super-

b I TG X — oAk - &

do¥ to vigual Poedback and slaysd feedback inm faciiivaiing piich identifi-~

Somek nnd dslaysd feadback in
cation. 'Ea troining students to identify pitclés, it is advantagecus to
provide immediate auditory feedback. The feedback findings suggest 2 nuaber
of igsues which might be topics for future research. The first of ikese ipe-
volvee verbal feedoack, one of the moust frequent types of fesdback used in
msic education and other areas of education. One would sssuse that verdel
Teedbask would be no more useful in improving pitch identifieation giii
than visual feedback. Although verbal feedbsck doss make use of ihe mudi-
tory chamnel, the type of information provided Yy verbal feedback is dif-
Terent in its characteristics than that provided by axditory feoodbmek as
defined in Bxperiment I1I. One might assure thet in order to be effective,
verbal feedback like visual ivedback would huve to be trapsiated imie the
auditory dimension defined by the ssriss of pozslible tones sbove and below
the standard. An investigation of the relative efaciivemess of verbal and
audi.tory feedback would provide a upsful additien to mresert kmoulodgs,

Futher research would alsc‘ U of value with regard %o the probliem of
discovering the conditions vhich determine the effectivensss of vigual
and snditory feedback. ©Of particular imporiance is the relationohiyp between
the relative effectivensas of vieval and aundd toxy feedback and the time when
feedback is presented. In Experimenc I1I, feedback wew given iraediately
followlng the adjustment period. I3 siight be more bepeficial to provids
feedback as the subject made hiz adjustment. ¥uthermore, if thig were dons,

vigual feedbuck might prove more effevtive thon it was showz t~ be in

o o e e e
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Experiment III. Consider the following three training conditions: visual

feedback, in which the subject is permitted t» watch the display pancl of a
frequency counter as he makes hiz adjustment§ binsural suditory feedback, in
which the S and V tones are pressated to both ears and in which the subject
makaa hig adjusiment while the glandard tone is still on; and monaural audi-
tory feedback which would differ frem the binaural econdition in one respect
only, the standard would be presented to ome ear and the variable to the
other. A test gession like the ome in Experiment ITI might reveal an ad-
vantage for the visuml end monaural conditioms. When information abaut the
stondard and inforsation abéut the variable are presented simltanecusly, it
aay be advaniagsous to use mwre than one chamnel to rrocegs the imformation.
Another area of ressarch comnected with the feedback findinzs would
involve the investigation of the effects of combining a eondztlon in which
there was no $-V delay with conditions inveldving visual and auditory feed-
back. It is importamt to determine whether additionsl facilitation 2f ac-
curacy in judgnent would ocour as & res 1% of combining two treatments esch
of which ie effective im ite own right, Beyond the implicationg of finaings g
vertaining to the cemitral hypotheses advanced ip the project, there are cepr-
vaip additional, in part incidentsl findings which have implications for
future research. When effective treatmen%é vwere not applied izterindivi-
dusl variability tended to be large, However, inspaction of individusl R
records revealed a rather high degree of intraindividusal cgneistengy. Waen
treatments were effective, they did not influence all subjects equally,
These findings suggest that theve msy be advantage to using subjects as
tusir own controls in pitch judgment studies, This vrocedurs would make it
possible to examine the effects of a given treatment on indivi&ual subjecta

and in s0 doing provide greater precasien in establishing the r@&atianship

batween treatment effects and individual charactewi@tics of subjects.
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